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INTRODUCTION
Each year in the United States, more than 2.5 million people experience pressure ulcers (PrUs), which occur across all healthcare settings: 0.4% to 38% in acute care, 0% to 17% in home care, and 2% to 24% in long-term-care facilities. 1, 2 The prevalence of PrUs is a major threat to public health and the US healthcare system. 3 Because of the increasing occurrence and severity of PrUs, in 2007 the National Pressure Ulcer Advisory Panel revised the classifications of the 4 stages of PrU (I, II, III, and IV) and added 2 more classifications: Bunstageable[ and Bsuspected deep tissue injury[ (sDTI). The first type is termed Bunstageable[ because eschar or slough obscures the depth of the pressure-related injury, which is characterized by full-thickness tissue loss where the full depth (Stage III vs IV) is unable to be determined. 4, 5 The second type, sDTI, is due to a pressure-related injury under intact skin. 4, 5 This internal injury originates in the muscular tissue that overlies bony prominences as a result of soft tissue (skeletal muscle and fat tissues) deformations and progresses outward 6 until it appears on the skin surface as a purple or maroon localized area of discolored intact skin or blood-filled blister due to damage of underlying soft tissue from pressure and/or shear. 5 The area may be preceded by tissue that is painful, firm, mushy, boggy, or warmer or cooler as compared with adjacent tissue. Suspected DTI may be difficult to detect in individuals with dark skin tones. Evolution may include a thin blister over a dark wound bed. These serious wounds may further evolve and be covered by thin eschar. Progression may be rapid, exposing additional layers of tissue even with optimal treatment. 4, 5, 7 Suspected DTI may precede the development of an open Stage III-IV PrU, 5 which commonly occurs in points of high pressure, such as the sacrum, buttocks, and heels. 1, 4, 5, [8] [9] [10] Considerable research is ongoing in understanding the mechanisms underlying the onset and progression of sDTI. 6, 11 Prior research has focused on ischemic/hypoxic damage, ischemia-reperfusion injury, structural damage to cells, and interference with lymphatic and interstitial fluid drainage. 6 However, recent studies by Slomka et al 6 have shown that the involvement of sustained deformation-related events at the cellular level is directly responsible for the distortion of cells, the deformation of plasma membranes leading to increased membrane permeability, impairment of cellular control mechanisms, and eventual cell death caused by loss of cell homeostasis leading to sDTI. Skin Changes at Life_s End (SCALE) is a term introduced in 2009 in reference to unusual wounds that occur at the end of life. 10, 12 The wound types include PrUs, DTI, unavoidable pressure injury, and mottling that appear in individuals who are in the process of dying. 12 , 13 Edsberg et al 13 identify some of the SCALE wounds as examples of unavoidable pressure injuries. In persons who are actively dying, SCALE pressure injuries may occur because of nonmodifiable intrinsic and extrinsic factors that make the individual at risk for pressure, shear, friction, deformation, hemodynamic instability, ischemia, and or reperfusion injury. Pressure ulcer risk factors have been mentioned in the scientific literature for hundreds of years. affect tissue tolerance for pressure, and these are age, stress, cognition, sensory awareness to pain and discomfort (acuity), dehydration, and tissue mass, as well as protein and vitamin C deficiency. Similarly, factors that affect tissue tolerance for oxygen are temperature, medication, protein deficiency, smoking, blood pressure, and presence of certain diseases (ie, those that affect oxygen supply, reactive hyperemia, and vascular occlusion). Studies suggest that the development of PrUs may result from major alterations in the normal functioning of these human mechanisms. Pressure ulcers may also develop from the cumulative effects of minor changes in several of these mechanisms/factors, particularly in combination with sustained external pressure (forces perpendicular to the skin), and/or the presence of external moisture (fecal or urinary incontinence, excess perspiration), and/or friction and shear forces (slipping, sliding, or rubbing forces parallel to the skin). 11, 38 In general, studies suggest PrUs will develop because of major or continual minor alterations in the normal functioning of human mechanisms in combination with sustained external pressure, external moisture, and/or friction/shear forces. 11, 38 With respect to frequency, an analysis of the International Pressure Ulcer Prevalence survey [2006] [2007] [2008] [2009] showed that the overall and nosocomial PrU prevalence decreased by approximately 1% in 2009 after remaining constant in earlier years 41 ; however, the proportion of ulcers identified as sDTI had increased 3 times, to 9%, in 2009 and was more prevalent than either a Stage III or Stage IV PrU. Patients with sDTIs tended to be older than patients with Stage III or IV ulcers, and unstageable ulcers tended to occur in people with a slightly lower BMI than the surveyed population. In attempting an explanation of these data, the researchers suggested that sDTIs were being identified more frequently because of staff education of staging definitions and that actual prevalence had not increased.
The MDS, a federally mandated tool, guides the regular assessment of all residents in NHs certified to participate in US Medicare and Medicaid programs. The revised Section M: Skin Conditions of MDS 3.0 now includes at-risk status and ulcer characteristics, including stage, size, history, tissue type, number of ulcers, and ulcer identification. For the first time, the revised Nursing Home MDS 3.0 added a section related to the presence/absence and number of sDTIs. It is anticipated that the revised MDS 3.0 will change PrU tracking and recording in long-term care and impact the generation of quality indicators for skin conditions, including PrUs. More important, the MDS data may provide further understanding of whether PrUs are actually a reflection of quality care in long-term-care facilities in the United States.
Many variables aligned with the elements of the Defloor model were also available in the MDS 3.0. Thus, the objectives of this study were to characterize and compare risk factors associated with the prevalence of PrUs and sDTI in NH residents in a secondary analysis of the revised MDS 3.0 2012 national data set using a modified Defloor_s 38 conceptual model ( Figure) of PrUs as a theoretical framework.
METHODS

Data Source
Data were drawn from the national MDS 3.0 assessment data from January to December 2012. The MDS data are mandatory in all NHs certified to participate in Medicaid and Medicare. 
Analysis
To examine group differences on study variables, the groups Bno PrU[ and Bany PrU[ (including Stages II-IV, unstageable, and sDTI) were compared using descriptive statistics. Descriptive statistics for the BsDTI only group[ were also calculated. Descriptive statistics were presented as mean or percentages. Logistic regression was used to compute the unadjusted OR and Tissue tolerance for pressure and oxygen: anemia reduces oxygen levels in the blood and oxygen tissue transport, which may result in cellular hypoxia and alter cellular senescence, nutrient and waste transport, cellular repair, and tolerance to tissue deformation 11, 33, 36 Urinary or fecal incontinence
Bladder incontinence = OR, 1.4 34 Shearing forcesVintensity: maceration and friction (incontinence alters skin integrity, making tissue more susceptible to damage by pressure and friction or shearing forces) 36 Neuro (coma) Deterioration in cognitive status = OR, 1.3 34 Coma impacts duration of compressive and shearing forces by impacting sensory-motor activity and mobility 11, 36 BA comatose state ablates the ability of the individual to move independently, making them vulnerable to PrUS unless they are repositioned[ Paralysis results in increased compressive forces (both intensity and duration) and shearing forces (and friction) due to sensory motor deficits, as well as decreased tissue tolerance to pressure due to tissue changes that occur below the level of paralysis 11, 36 Hip fracture Hip fracture within 180 d 34 Hip fracture results in decreased mobility, which results in increased compressive forces (both intensity and duration) and shearing forces (and friction) due to sensory-motor changes, as well as pain 34, 36 ADL impairment Activity was strongly associated with risk of PrU in previous literature, such that as activity increases, PrU risk decreases 32, 34 Decreased mobility/activity results in increased compressive forces (both intensity and duration) and shearing forces (and friction) 36 Bed mobility self-performance = OR, were used to compare these 2 groups on resident characteristics. Multiple logistic stepwise regression was used to determine the risk factors most associated with the prevalence of PrUS.
RESULTS
Of the 2,936,146 NH residents included in the analysis, 89.9% did not have a PrU, whereas 10.1% had a PrU (4.9% had a Stage II PrU, 1.0% had a Stage III PrU, 1.8% had an unstageable PrU, 0.7% had a Stage IV PrU, and 1.7% had sDTI). Table 2 describes the overall sample, the subgroup who had no PrU, the subgroup who had a PrU including sDTI, and the subgroup that had only sDTIs. Table 2 also shows the percentage of missing data for each variable. The majority of residents were older than 75 years (65%), female (65%), and white (81%) and had normal, overweight, or obese BMI (94%). Among factors influencing the skin integrity variables, urinary and bowel incontinence (42% and 36%, respectively) and anemia (29%) were conditions with the highest prevalence in the sample population. Among the biological system failure variables, heart failure (20%) and end-stage renal disease (12%) were the most prevalent, whereas among the disease variables, diabetes (33%), CAD (23%), and chronic obstructive pulmonary disease (22%) were the most prevalent. Almost 13% of residents had a UTI, and 13% had severe mobility limitations due to paralysis or hip fracture. Sensory alterations included deficits of hearing (8%), speech (13%), and vision (10%) and inability to understand others (14%). Approximately 30% of residents were reported to have severe cognitive impairment, and 21% were reported to have moderate impairment. Forty-one percent of residents were on insulin, and 26% were on an anticoagulant. Table 3 presents the magnitude of risk of the prevalence of all PrUs (including sDTI), only PrU (excluding sDTI), and only sDTIs. The youngest group of NH residents (aged 18-39 years) had the highest risk of PrU (13%). Males had a higher risk of both PrU and sDTI. Black residents and those who were very severely underweight had the highest risk of any-stage PrU.
Among the skin integrity variables, ORs for both PrU and sDTI were greater than 2 for residents with malnutrition and dehydration. Among the biological system failure variables, ORs for both PrUs and sDTIs were greater than 2 for comatose residents and residents with respiratory failure. Among disease factors, the ORs for all PrUs were greater than 2.0 for multiple sclerosis. The ORs for any PrUs were close to or greater than 2.0 for all of the measured infection variables. Among the mobility factors, the OR for any PrUs for paraplegia was 6.3, and the OR for quadriplegia was 3.4. Mean ADL impairment was higher in both the PrU and sDTI groups.
In comparing the magnitude of risk of only PrU (excluding sDTI) and only sDTI, the risk of sDTI (OR, 1.17) was larger for NH residents older than 75 years than for all other PrU stages (OR, 0.70). The sDTI risk effect size was larger for Asian (OR, 1.11) and Hispanic (OR, 1.53) residents than it was for white residents. The sDTI ORs were larger than the ORs for all other stages of PrUs and for all the skin integrity variables. Odds ratios were larger for all of the system failure variables in the sDTI group compared with all other stages of PrU. Among the disease variables, ORs were larger for CAD and vascular disease in the sDTI group compared with all other stages of PrUs. Among the infection variables, ORs were larger for septicemia, pneumonia, and UTI in the sDTI group compared with all other PrUs. Among other conditions, OR was higher for sDTI than all other PrUs if hip fracture was present (OR for sDTI 2.88 vs 1.73 for all other PrUs).
In a multiple logistic stepwise regression to model presence/ absence of PrU, the following risk factors were retained in all 3 models (ie, any PrU, any PrU except sDTI, sDTI only): race, sex, age, BMI, anemia, malnutrition, dehydration, heart failure, respiratory failure, end-stage renal disease, diabetes, multiple sclerosis, peripheral vascular disease, cirrhosis, septicemia, pneumonia, multidrug resistant organism, UTI, bowel continence, hip fracture, mobility (ADL impairment), and impaired cognition. In addition, the Bany PrU[ and BsDTI only[ models retained the multiple sclerosis and CAD variables. The nature of association of risk was the same in the adjusted and unadjusted models.
DISCUSSION
This prevalence study is the first to provide a detailed summary of the relationship between NH resident characteristics and PrUs including sDTI using the national MDS 3.0. Results demonstrated that just over 10% of NH residents had a Stage II-IV PrU, unstageable PrU, or sDTI. This number is slightly lower than that of other studies and may reflect clinical improvements in prevention and treatment strategies. 45 In reviewing the prevalence of PrUs in long-term care using the 2004 National Nursing Home Survey, approximately 11% of Notably, this study found that risk factors of Stage II-IV and unstageable PrUs identified in this analysis were also risk factors of sDTI. In addition, several risk factors were strongly associated with all stages of PrUs, including anemia, malnutrition, dehydration, infection, urinary incontinence, and bowel incontinence. Many of these risk factors are potentially modifiable and may facilitate the development of strategies to help prevent PrUs in this population in the future.
This study also had 2 findings that represent promising areas for future research. For example, data revealed that the youngest group of NH residents had a higher risk of PrUs. This finding may indicate greater impairment or medical complexity in this age group and/or the fact that preventive interventions are focused on older residents. In addition, the MDS data demonstrated significant racial and ethnic disparities in the prevalence of PrUs in NH residents. Data for this study showed that black residents had the highest risk of anystage PrU, and Hispanic residents had the highest risk of sDTI. Considering these findings, it is clear that more research is needed that examines young, racial/ethnic minority NH residents, who are at high risk of PrUs, in order to reduce PrU prevalence in these populations.
Consistent with Defloor_s 38 conceptual model, this study found that a very high risk of PrU and sDTI was evidenced in the mobility-impaired groups, which included patients with multiple sclerosis and other neurodegenerative diseases. This study also determined that NH residents older than 75 years had the greatest risk of sDTI. Finally, the data revealed potential relationships between PrU risk and level of paralysis (paraplegia vs quadriplegia), as well as PrU risk and specific neurodegenerative disorders (multiple sclerosis), both of which warrant further investigation. Other contributing factors related to younger patients and those with spinal cord injury or paraplegia (such as biobehavioral and psychological aspects of care and compliance) also warrant further investigation.
13 The formation of a PrU is multifaceted, and the goal of care is prevention. Nevertheless, even with excellent interprofessional prevention and treatment, unavoidable PrUs do occur. Based on an extensive review of the literature on PrU risk factors and prevalence, the National Pressure Ulcer Advisory Panel 2014 Consensus Conference established consensus on irremediable risk factors that in some circumstances have been shown to predict the likelihood that an unavoidable PrU can develop. Recognizing that every individual is unique in complexity, consensus on certain risk areas includes cardiopulmonary status, hemodynamic instability, elevation of the head of the bed, septic shock, body edema, burns, immobility, medical devices, terminal illness, spinal cord injury, and nutrition. Despite doing all that is possible in the care of an individual to prevent PrUs, there are nonmodifiable risk factors that may contribute to an unavoidable skin injury. Long-term-care residents who are immobile with malnutrition in combination with multiple comorbidities are at increased risk of the prevalence of unavoidable PrUs. Individuals with cachexia or individuals with terminal-stage illness who become immobile are at increased risk of unavoidable PrUs. 45 Several study limitations should be noted. First, this study design was cross-sectional, and as a result, a causal relationship could not be established. Second, this study is a secondary analysis of a national data set, and the clustering effect within the facility was not controlled. Finally, the number of variables was limited to those available in the MDS 3.0 data set, and other unmeasured or uncontrolled variables associated with sDTI, such as those in the environment, were not included in the analysis. The authors included all NH residents and did not distinguish between PrUs that residents had upon admission or NH-acquired PrUs. Investigating the source of PrU is important for future research.
Despite these limitations, results suggest that the prevalence of sDTI among NH residents is almost 2% and associated with several potentially modifiable factors, such as malnutrition, dehydration, anemia, infection, and urinary and bowel incontinence. These findings indicate that the MDS 3.0 can function as a predictive tool for characterizing risk factors for PrUs and sDTI in NH residents, providing preventive protocols for specific patient aggregates. It is important to note that some risk factors may contribute to unpreventable PrUs. It will be up to the NHs to create the documentation needed to satisfy monitoring agencies that they were also Bunavoidable.[ Clinical education programs should focus on early recognition 
CONCLUSIONS
In summary, this study characterized the risk factors associated with PrUs and sDTI. The strongest risk factors associated with all stages of PrU prevalence, including sDTI, were anemia, malnutrition, dehydration, infection, urinary incontinence, and bowel incontinence. These risk factors are modifiable and may aid in the development of strategies to prevent PrUs in NH residents in the future. The magnitude of risk of sDTI is higher for factors that include age, race, skin integrity, system failure, disease, and infection variables. Individuals with these factors should be targeted with frequent skin assessments and implementation of off-loading pressure strategies. Modifiable risk factors for sDTI in NHs that should be targeted by interventions include malnutrition, dehydration, anemia, UTI, urinary and bowel incontinence, reduction of friction and shearing, and effective pressure offloading/redistribution in mobility-impaired individuals. This activity is also provider approved by the California Board of Registered Nursing, Provider
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